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Introduction 


Nowadays, speeding up traffic is one of the most urgent problems in any developing cities. In recent years, 
as a result of the rapid increase in the volume of traffic in the historical city street network, the capacity of 
the streets has decreased, the speed of vehicles has decreased, traffic jams have occurred at most single-level 
intersections, and such situations have led to an increase in fuel consumption of vehicles, loss of time for 
passengers, it also leads to the aggravation of a number of economic, social, ecological, sanitary-hygienic 
situations, such as the increase of waste gases and traffic noise. 


The main quality indicators of historical city streets are traffic safety, ease of movement, and economy of 
movement. These indicators, in turn, determine the load level of the city street-road network, i.e., the ratio of 
the speed of the road to its carrying capacity. The speed of city streets refers to the total number of vehicles 
that pass through a certain section of the road in a unit of time [1]. 


Historically, cities were formed at the intersection of trade routes and were major transportation hubs. Every 
city has transport connections with other cities, and the larger the city, the greater the traffic density and the 
number of such connections. The most difficult problem is connecting external roads with cities and 
districts. 


Due to the increase in traffic speed, traffic flows and as a result of long-standing at intersections, traffic 
jams, excessive pollution, and increased noise levels, delays in public transport due to the violation of 
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public transport schedules, as well as an increase in traffic accidents have become urgent issues. Along 
with other cities, in Khiva, the search for a modern solution to the evaluation of the flow of traffic entering 
and leaving the city, the development of transport infrastructure, and the development of the road network 
remain relevant. Today, there are 6 national and 2 local roads leading to the city [2]. 


Inflow into cities is the unit of motor vehicles (vehicles/hour or units/day) that come to the city from cities 
and districts by means of motor vehicles, working population, internal and external tourism, business trips, 
activities and other factors. 


Materials and methods 


In the city of Khiva, which is considered one of the historical cities of the Republic of Uzbekistan, the traffic 
speed in the street network is planned to be developed using the models developed and applied by many 
scientific research institutes in the analysis of the results of experimental research and determination using 
mathematical formulas [3- 20]. 


The main factors leading to congestion in the city's main street network are the unequal or small amount of 
inbound and outbound vehicle flows. Experimental studies conducted in July 2023 during peak hours of 
the day for 2 hours on public highways by visually counting the number of vehicles entering and leaving 
the city around 08°° — 10°°in the morning It was conducted by video surveillance at noon 12°° — 14°° 
and in the evening 17°° — 19° [21]. 


Many professors of the Tashkent State Transport University have conducted studies on determining the 
speed of traffic on public roads. When taking into account the daily speed of movement by eye, it is 
determined using the following formula based on clause 2.7 of MQN 45-2007 [1]: 


Neyrxa = Neoat *Ky (1) 
here Ky- coefficient of transition from hourly traffic speed to average daily traffic speed (Appendix 6). 


The daily speed of movement is determined using the Ky- coefficients of formula | in Appendix 6. After 
determining the daily traffic speed, we can determine the average daily traffic speed using the following 
formula: 


— n Neyr 
Nyp.cyr = fy (2) 


where is the number of measurements during movement accounting for n-day. 


The amount of flow entering the city of Khiva was determined using formula 1, the values given for light 
vehicles in Table 1.3, and then the average annual daily traffic speed was determined using formula 2. 

The average annual daily traffic speed is found by the following formula: 

Nyp.ttua.cyt = Neyr *Ky isolate /acorateia/ late atavaiaiaia atatain’e aleteia/eiateie eialoia/e\eiats ar eisle's (3) 


here K;, coefficient of transition from the average daily traffic speed to the average annual traffic speed 
(Appendix 7). 


Average annual vehicle traffic is used only when comparing economic ledgers based on options and 
determining capital efficiency. 


Future prospective average annual daily traffic volume of vehicle traffic is determined on the basis of 
economic research data. In the absence of necessary data on cargo and passenger flows, the average annual 
daily traffic speed can be determined as follows [22]: 


Ncc=No (1 + a)’ HOH SOS Gea bute denies eased OsSs Saree (4) 


here No — the average annual daily traffic speed determined as a result of experimental research on the road 
network (pieces/day); 
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a - the annual growth rate of movement is 0.05 on average, as it is a rapidly developing city; 
t- movement speed in the future forecast period. 


Results 


As a result of the conducted natural experiments, the following was determined (Fig. 1). 


Number of vehicles entering the city (cars/2 hours) 


08:00-10:00 12:00-14:00 17:00-19:00 


—@=— 4r158 (urganch-khiva) =i 4r163 (bogot-khiva) ==te 41264 (yangibozor-khiva) 
=< 41163 (gurlan-khiva) =i 41164 (refresher-khiva 


Figure 1. Number of vehicles entering the city of Khiva (cars/2 hours) 


It can be seen from Figure 2 that the upper part of the flow entering the city of Khiva comes from the 
4r158 (Urgan-KHiva) highway, mainly during the evening peak, the flow is higher than in the morning, 
and during the afternoon, the flow is found to be much less than in the morning or evening. 


On the highway 4r163 (Bogot-Hiva), the flow entering the city during the morning rush hour was much 
larger than in the afternoon and evening. 


The lowest rate was observed on the highway 4r264 (Yangibozor-Hiva) even during peak hours of the day. 
Results of experimental studies conducted in June (Table 1). 


Table 1. Number of vehicles entering the city of Khiva (cars/2 hours) 


traffic flow sheet 
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17:00-19:00 35 21 12 12 0 6 0 11 613 
8:00-10:00 2, 6 4 4 0 0 0 4 384 
3 4r163 (Gurlan-KHiva) 12:00-14:00 P) 0 6 1 0 1 0 8 354 
17:00-19:00 19 12 3 4 0 8 0 i 491 
8:00-10:00 4 0 2 10 2 3 0 6 146 
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8:00-10:00 28 18 6 0 2 6 0 10 360 
5 4r164 (Refresher-KHiva) 12:00-14:00 | 24 1 8 2 1 6 0 4 328 
17:00-19:00 15 a 8 4 0) 5 0 5 334 


Taking into account the above, a table of conversion to a light car mile was created by entering formulas 
into the Excel program [23] based on the source (table 1). 


Table 2. Information on light vehicles of vehicles entering the city of Khiva 


Coefficients for light motor vehicles according to item 140 of the Commercial Code 2.07.01 - 
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After calculating the average speed of movement by formula 2, we find the average annual daily speed of 
movement (Table 3). 


Table 3. Data on the average annual daily speed of the flow of motor vehicles entering the city of 


Khiva 
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8:00-10:00 1144 8,28 9472 
1 4r158 (Urganch-KHiva) 12:00-14:00 1196 8,74 10453 30761 10254 0,99 10151 
17:00-19:00 1257 8,62 10835 
8:00-10:00 1278 8,28 10582 
2 4r163 (Bogot-KHiva) 12:00-14:00 WH 8,74 6756 24182 8061 0,99 7980 
17:00-19:00 794 8,62 6844 
; 8:00-10:00 423 8,28 3502 
ee 12:00-14:00| 386 874 | 3374 | 11936 | 3979 | 0,99 3939 
17:00-19:00 587 8,62 5060 
8:00-10:00 205 8,28 1697 
4 | 41264 (Yangibozor-KHiva) | 12:00-14:00 127 8,74 1110 4040 1347 0,99 1333 
17:00-19:00 143 8,62 1233 
8:00-10:00 480 8,28 3974 
5 4r164 (Refresher-KHiva) 12:00-14:00 439 8,74 3837 11414 3805 0,99 3767 
17:00-19:00 418 8,62 3603 


Based on the parameters shown in Table 3, the average annual daily speed of the flow of motor vehicles 
entering the city of Khiva was determined. This is of great importance in forecasting the promising solutions 
of the road network of future state importance with the help of defined parameters. 


One of the main characteristics of the traffic flow is the speed of movement, which determines the 
importance of the road, its geometric elements, the condition of the traffic flow, the service life of the 
pavement, the required durability of the road surface, the level of organization of traffic, the financing of the 
road service, etc. 


When we take the value of the growth rate for the future (1 + a)‘for the 10th year, the result is 1.63. 


Based on formula 4, we take the value of No. from table 3 and forecast it in order to calculate the expected 
average annual traffic speed of the highways of state importance entering the city in the future. 


Object 1. We determine the expected average traffic speed of the 4r158 (Urganch-Hiva) highway in the next 
10 years: 


N49=10151*1,63=16546 units/day 


Object 2. We determine the expected average traffic speed of the 4r163 (Bogot-Hiva) highway in the next 10 
years: 


Ny9=7980* 1,63=13008 units/day 


Object 3. We determine the expected average traffic speed of the 4r163 (Gurlan-Hiva) highway in the next 
10 years: 


Ny9=3939* 1,63=6421 units/day 
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Object 4. Let's determine the expected average traffic speed of the highway 4r264 (Yangibozor-Hiva) in the 
next 10 years: 

N49=1333*1,63=2173 units/day 

Object 5. Let's determine the expected average traffic speed of the highway 4r164 (new exhaust-hiva) for the 
next 10 years: 

Ny9=3767* 1,63=6141 units/day 


Figure 3 shows the expected average annual traffic speed of vehicles entering the city of Khiva in the next 
10 years. 


units/day 


2023 2033 


== 41158 (urganch-khiva) == 41163 (bogot-khiva) 


este 41264 (yangibozor-khiva) =< 41163 (gurlan-khiva) 


—ie 41164 (refresher-khiva 


Figure 3. Prospective average annual traffic volume of motor vehicles entering the city of Khiva 


Conclusion 


It is necessary to take into account the following suggestions and recommendations in order to properly 
organize the flow of motor vehicles entering the city of Khiva: 


Development of a new bypass project adjacent to the access roads to the city; 

Establishment of new overpasses at city entrances; 

Improvement of design solutions of transport nodes at city entrances; 

Development of measures to increase traffic lanes on the roads at the entrance to the city. 
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